
THE ASSOCIATION OF HEPATITIS WITH EXPERI-
MENTAL CHOLECYSTITIS AND ITS BEARING

ON THE PATHOGENESIS OF CHOLE-
CYSTITIS IN THE HUMAN

M. G. PETERMAN, M.D.; WALTER S. PRIEST, JR., M.D.,
AND

EVARTS A. GRAHAM, M.D.
ST. LOUIS

A review of the literature on infections of the biliary tract reveals
the fact that there is a wide difference of opinion as regards both the
frequency and the nature of an hepatic involvement in association with
the relatively simple and more common types of cholecystitis. Such
conditions as liver abscess and "obstructive biliary cirrhosis" in asso-

ciation with infections of the biliary tract have long been known. But
the changes in the liver which occur in connection with the relatively
simple types of cholecystitis which are so commonly encountered at
operation seem not to have been investigated until the study made by
one of us (Graham), the results of which were published in 1918.1
In general, the only evidence of hepatic involvement which has been
considered has been an increase in the size of the liver. Kehr 2 quotes
Langenbach as saying that an enlargement of the liver is present only
with an obstruction of the common duct. Kehr himself considers that
the liver may be increased in size in from 15 to 20 per cent, of cases
of cholecystitis, namely, in those with cholangitis. There is a more

general agreement, however, about the involvement of the liver in cases.
in which calculi are present, in other words, in cases of long-standing
inflammation of the biliary tract. Thus Grube and Graff 3 state that
not uncommonly an interstitial hepatitis which may advance to cirrhosis-
is found associated with gallstones. Naunyn * quotes Charcot as being
the first to call attention to the constancy of an enlargement of the liver
in association with gallstones, and he considers that such an hyper-
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trophy is seldom absent during or shortly following an attack of gall¬
stone colic. He considers the enlargement, under such circumstances,
to be not exclusively due to a biliary obstruction, but also to an infective
 cholangitis. In 1888, Riedel5 described the tongue-shaped extension
of the right lobe of the liver now commonly known as "Riedel's lobe."
He regarded this process as a result of disease of the biliary tract, and he
asserted that he had found the liver involved in twenty-four out of forty-
two cases of cholelithiasis. Quincke 6 remarks that in cases of chole¬
lithiasis the liver is, as a rule, distinctly enlarged, due perhaps to a

stasis of bile, or, in the case of women, to the effects of lacing. Rolles-
ton 7 mentions an enlargement of the liver which may occur in asso¬

ciation with cholecystitis if the inflammation has spread to the ducts
and so into the organ. But evidently he does not consider this possi¬
bility as of very frequent occurrence.

It is the purpose of the present article to call attention to the great
frequency of the involvement of the liver in different types of biliary
tract infection and to present evidence in favor of the view that chole¬
cystitis is probably often due to an infection by way of the lymphatics
of the liver.

In a previous article by one of us (Graham),1 a report was made
of a study of the liver in various types of biliary tract disease, based
on the examination of small pieces of liver which were removed during
the course of operations on the gallbladder and bile ducts. In that
article, it was stated that in thirty consecutive cases of biliary tract dis¬
ease which had come to operation a distinct enlargement of the liver
was present in twenty-six, or in 87 per cent. In the remaining four,
there was definite gross evidence of a previous or existing pathologic
change in the liver other than an enlargement. In cases of acute or

subacute cholecystitis, there was constantly found in the liver micro¬
scopic evidence of inflammation. The hepatic inflammation was char¬
acterized by leukocytic infiltration of the interlobular, or periportal,
sheaths; in the more severe types of inflammation, the infiltration
involved also the parenchyma at the peripheries of the lobules and
was associated with edema, slight necrosis and moderate fat infiltration.
The inflammatory reaction was observed to be chiefly a pericholangitis.
Although the intensity of the hepatic changes varied roughly in pro¬
portion to the intensity of the cholecystitis, nevertheless, definite inflam-

5. Riedel: Ueber den Zungenformigen Fortsatz des Leber lappens, Berl.
klin. Wchnschr. 25:577 and 622, 1888.

6. Quincke: Diseases of Liver, Pancreas and Suprarenal Glands, in
Nothnagel: Encyclopedia of Practical Medicine, Philadelphia, W. B. Saunders
Company, 1903, p. 381.

7. Rolleston, H. D.: Diseases of the Liver, Gall-Bladder and Bile-Ducts,
London, MacMillan & Co., 1912, p. 611.
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matory changes were found in the liver in cases of relatively mild
cholecystitis (catarrhal) without calculi. In chronic cholecystitis, the
liver often presented microscopically a picture practically identical with
that of an early case of cirrhosis even when there had never been a

stasis of bile. Cultures from both the liver tissue and from the bile
in the gallbladder usually revealed the same organism.

It seems reasonable, therefore, to assume that an involvement of
the liver is so frequently an accompaniment of cholecystitis that the

Fig. 1.—Distended lymphatic vessels of pig's gallbladder (taken from Sudler).
This distribution is practically identical with that in man. The intimate com¬
munication between the lymphatics of the liver and gallbladder is well shown at
the sides of the gallbladder.

association must be practically a constant one. The realization of this
fact is important for several reasons: (1) because it may cause light
to be thrown on the exact pathogenesis of infections of the biliary
tract, which, if known, might serve both to prevent many cases and to
settle disputed points in the treatment; (2) because it may prevent
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many of the serious liver complications which seem to be largely a

result of the neglect of early cases of cholecystitis, and (3) because it
may lead to an increase of our knowledge of the whole subject of
cirrhosis of the liver and various functional disturbances about which
so little is known at present.

Present conceptions of the pathogenesis of infections of the gall¬
bladder and bile tracts are based on three assumed possibilities : ( 1 )
descending infection from the liver by bacteria carried down in the
bile, (2) ascending infections from the duodenum up the lumen of
the common bile duct, and (3) hematogenous infections of the gall¬
bladder and ducts.8 Of these possibilities, it is only the last, the third,
which takes into serious consideration the actual infection of the wall
of the gallbladder, despite the fact that microscopic examinations of
inflamed gallbladders demonstrate that inflammatory changes are present
not merely in the mucosa but also in the deeper layers and that usually
in gallbladders removed at operation, these changes are more pro¬
nounced in the deeper layers. The other two possibilities are con¬
cerned only with the entrance of organisms into the lumen of the gall¬
bladder and do not explain their entrance into its walls. Obviously,
the mere presence of pathogenic bacteria in the bile contained in a

gallbladder does not constitute a cholecystitis ; nor does it necessarily
imply that a cholecystitis will occur through contact of the mucosa

with these organisms. For example, according to Rolleston,9 "in
typhoid fever the bacilli are always present in the gallbladder but
cholecystitis is comparatively infrequent." The essential requirement is
that the wall of the gallbladder shall be infected since the gallbladder
consists of nothing but a wall surrounding a cavity. Failure to take
this simple fact into consideration has led to much confusion in the
interpretation of experimental results on the pathogenesis of cholecys¬
titis. Rosenow 10 has particularly emphasized the idea of the hema¬
togenous infection of the wall of the gallbladder.

On the other hand, another source of infection, which is probably
a frequent and an important one, is by way of the lymphatics from
the liver. Strangely enough we have been unable to find in the liter¬
ature any reference to the fact that this channel of infection has even

been considered, although we have succeeded in collecting evidence

8. A fourth possibility of a spread of infection through the wall of the
gallbladder from an inflamed contiguous organ has been mentioned; but obvi-
ously such an occurrence must be relatively rare.

9. Rolleston, H. D.: Diseases of the Liver, Gall-Bladder and Bile-Ducts,
p. 608.

10. Rosenow, E. C.: The Etiology of Cholecystitis and Gallstones and Their
Production by the Intravenous Injection of Bacteria, J. Infect. Dis. 19:527
(Oct.) 1916.
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which indicates that it must be a relatively frequent occurrence. Sud¬
ler,11 in a careful study of the lymphatics of the gallbladder, has shown
that there is a direct and intimate connection between the liver and
gallbladder through lymphatics which come from the under surface
of the liver and pass through the attachment of the gallbladder to the
liver. The lymphatics of the gallbladder can be distended by injections
into the portal vein. It is therefore easy to understand how organisms
may spread through the lymphatics to the gallbladder wall from an

Fig. 2 (Dog 2).—Infiltration of periportal sheaths and parenchyma of liver
with polymorphonuclears and round cells.

infection in the liver and thus set up a cholecystitis secondary to a

hepatitis. In fact, it seems a much more probable mode of infection
than the rather fanciful one of a surface infection of the mucosa

of the gallbladder through contact with organisms, floating in the bile,
which have been either washed down from the liver or have ascended
from the duodenum against the current of the bile in the common and

11. Sudler: The Architecture of the Gall-Bladder, Bull. Johns Hopkins
Hosp. 12:126, 1901.

Downloaded From: http://archsurg.jamanetwork.com/ by a University of British Columbia Library User  on 06/19/2015



cystic ducts. In our experiments on dogs, we have found it prac¬
tically impossible to produce cholecystitis merely by the introduction
of organisms into the lumen of the normal gallbladder, even in thick
suspensions. The additional factor of obstruction to the outflow of
bile seems to be necessary to produce cholecystitis in this way. This
also probably implies as a usual occurrence some degree of obstruction
of the circulation of the gallbladder by pressure either from within or

without. In this connection, the experiments of Chiarolanza 12 are of
interest. After injections of typhoid bacilli both intravenously and
subcutaneously in rabbits, he found that bacteria lodged in the papillary
folds of the gallbladder beneath the mucosa in clumps which he inter¬
preted as capillary emboli. In three animals in which the cystic duct
was ligated before the injection, he found bacilli in the bile of the gall¬
bladder. In six animals in which he ligated both the cystic and common

ducts before the injection, he found bacilli in large numbers in the gall¬
bladder bile. He concluded that cholecystitis is due to capillary embo¬
lism and not to infection from infected bile which is secreted. The
livers frequently showed a more or less extensive interlobular leukocytic
infiltration and often a marked increase of interlobular connective tissue,
similar to what we have noted in the human liver in association with
cholecystitis. In rabbits it is practically impossible to avoid the cystic
artery in ligation of the cystic duct because of its small size, and Chiaro¬
lanza considered that in every case he had ligated the artery with the
duct. It is hard, therefore, to understand his conception of the occur¬

rence of capillary embolism in gallbladders the arterial supply of which
was already occluded. It seems more probable that with both the artery
and the duct ligated the organisms must have gained entrance to the
gallbladder through the lymphatic connection with the liver, which has
already been mentioned.

Of more practical interest are the questions of the frequency of
liver involvement following a cholecystitis and the paths by which the
infection is spread to the liver. The question of the advisability of
the removal of an inflamed gallbladder is intimately related to the ques¬
tion of how frequently an infection of the liver may follow a chole¬
cystitis. Because of the intimate lymphatic connection between the
liver and gallbladder, it is easily conceivable that a vicious circle could
be established with the liver on the one side and an infected gallbladder
on the other, each being constantly reinfected from the other. Hence
the desirability of ascertaining the frequency with which the liver is
infected secondary to a cholecystitis is evident. Observations previ-

12. Chiarolanza: Experimentelle Untersuchungen \l=u"\berdie Beziehungen der
Typhusbazillen zu der Gallenblase und den Gallenwegen, Ztschr. f. Hyg. u.
Infectionskrankh. 62:12, 1909.
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ously reported by one of us (Graham 1%), to which reference has already
been made, indicate that the association of a hepatitis with a chole¬
cystitis is nearly a constant one. But since in the clinical cases studied,
the possibility existed of the hepatitis having been primary to the
cholecystitis, it seemed desirable to submit the question to experimental
study. Experiments accordingly were carried out which had as their
object the study of the liver after the creation of a cholecystitis.

Fig. 3 (Dog 9).—Liver: interlobular leukocytic infiltration.

METHOD OF EXPERIMENTATION

In all, nineteen dogs were used. The following method was used
as a routine. After noting the weight and rectal temperature, the
animals were anesthetized with ether, and the abdomen was opened
by means of an upper right rectus incision from 8 to 10 cm. long. A
piece of liver was removed from the most accessible lobe to serve as

a control for the later study of the liver after the production of the
experimental cholecystitis, and the cut edges were sutured. Only those
dogs are included in the series whose livers proved to be normal at

the beginning. In some cases, stab cultures of the liver were taken
at this time from as many different points as could be reached without
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difficulty in order to test the sterility of the liver before the creation
of the cholecystitis. In some of these instances, the surface of the
liver through which the stab was made was seared in order to rule
out possible contamination. Following this, the cystic duct was ligated.
This included ligation of the cystic artery, vein and the lymphatic trunks
which run along the cystic duct. In some cases, the duct and vessels
were ligated twice and the structures divided between the ligatures.
Before ligation, the gallbladder was almost completely emptied of bile.
We then injected varying amounts (from 0.3 to 2.5 c.c.) of twenty-four
hour broth cultures of pathogenic organisms (B. coli and Streptococcus
nonhemolyticus) into the lumen of the gallbladder and closed the needle
hole with a purse-string suture. It was found necessary to use a

purse-string suture here to prevent leakage even after using the finest
needle which could be employed. The abdomen was then closed in
layers, and the dog was placed in the observation room. The tem¬
perature and general symptoms of each dog were followed daily.
Whenever possible the dogs that died were immediately examined at
necropsy. Several dogs were operated on a second time and some were

killed and postmortem examination was promptly made. At necropsy
sections of the gallbladder were taken in two places and of the liver in
three places, namely, near the site of the gallbladder and from the
extremes of the right and left lobes.

TABLE 1.—Agglutination Results with Injection of Bacillus Coli

Strain

Dog 10:
Gallbladder.
Gallbladder.
Liver, right lobe.
Original strain injected.
Stock strain.
Stock strain.

Dog 11:
Gallbladder.
Liver near gallbladder.
Liver, right lobe.
Intestine.
Original.
Stock.
Stock.

Log 13:
Gallbladder.
Liver, left lobe.
Liver.
Intestine.
Intestine.
Original.
Stock.
Stock.

Homologous Serum

Positive agglutination, 1:320
Positive agglutination, 1:320
Positive agglutination, 1:160
Positive agglutination, 1:320
Positive agglutination, 1:20
Positive agglutination, 1:20

Positive
Positive
Positive
Positive
Positive
Positive
Positive

agglutination, 1:160
agglutination, 1:160
agglutination, 1:160
agglutination, 1:40
agglutination, 1:160
agglutination. 1:20
agglutination. 1:20

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

agglutination, 1:640
agglutination, 1:320
agglutination, 1:320
agglutination, 1:20
agglutination, 1:40
agglutination, 1:640
agglutination. 1:20
agglutination. 1:20

Normal Serum

Positive agglutination, 1:20
Positive agglutination, 1:20
Positive agglutination, 1:20
Positive agglutination, 1:20
Positive agglutination, 1:20
Positive agglutination, 1:20

Positive
Positive
Positive
Positive
Positive
Positive
Positive

agglutination, 1:20
agglutination, 1:20
agglutination, 1:20
agglutination, 1:20
agglutination, 1:20
agglutination, 1:20
agglutination, 1:20

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

agglutination, 1:20
agglutination, 1:20
agglutination, 1:20
agglutination, 1:20
agglutination, 1:20
agglutination, 1:20
agglutination, 1:20
agglutination, 1:20

In order to establish the fact that the inflammatory changes in the
liver secondary to an experimental cholecystitis were actually the result
of the gallbladder infection, it was necessary to show that the same
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organism was present in both the gallbladder and liver. For the deter¬
mination of this point it was considered advisable to submit to agglu¬
tination tests the organisms recovered from the gallbladder and liver,
respectively. It seemed particularly important to carry out these tests
in connection with the colon bacillus, since as is well known, this organ¬
ism may sometimes be found in the normal liver. In the streptococcus
cases, however, this procedure was not undertaken because it was

believed unlikely that a streptococcus would be found as an accidental
invader of the liver. Accordingly, therefore, after taking cultures at

Fig. 4 (Dog 9).—Gallbladder, showing infiltration of leukocytes deep in
the gallbladder wall. Each A indicates a clump of leukocytes.

necropsy from the gallbladder and from the liver in places correspond¬
ing to those from which sections were removed, a series of agglutination
tests was run (Table 1) to prove the identity of the organisms recovered
from the gallbladder and liver, respectively. In each of three cases

it was proved by this method that the strains of Bacillus coli recovered
from both gallbladder and liver were identical. As is shown in the
table, the dog's serum agglutinated these two strains in much higher
dilutions than other strains of colon bacilli taken from various sources

including the intestine of the same dog. In most of the experiments,
cultures were also made of the heart's blood. In isolatins: the various
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strains used in making these agglutination tests, stabs were made at
various parts of the liver and inoculated into melted nutrient agar
which was then poured into plates. After incubation, colonies were

picked and those showing morphology, staining and cultural character¬
istics of B. coli were cultivated in pure culture. Agglutination was

carried out with uniform suspensions of eighteen to twenty-four hours'
agar slant cultures washed off in physiologic sodium chlorid solution.
The serum from the experimental dogs was obtained either just prior
to killing them for pathologic study, or at the time of a secondary
operation. All strains were agglutinated against serum from normal
clogs as a control. Two strains were also obtained from stock labora¬
tory cultures other than the one used in injecting the gallbladder and
were used throughout the tests as a further control. These are desig¬
nated as "stock" in the table. In two of the agglutination tests, strains
were also obtained by isolating Bacillus coli from the intestine of the
experimental animal. This was done to rule out the possibility that
the strains recovered from the liver might be the same as those normally
inhabiting the dog's intestinal canal. These strains are called "intes¬
tine." The failure of the homologous serum in high dilutions to agglu¬
tinate these strains, in addition to the other facts brought out, is, we

believe, proof that the Bacillus coli isolated from the liver was the
same as that injected into the gallbladder. The amounts of bacterial
cultures injected in each experiment, the postoperative course, the
necropsy findings and the histologie changes observed are given in
detail in the protocols.

DISCUSSION

In all of these nineteen cases of experimental cholecystitis, inflam¬
matory changes have been observed in the liver. These have consisted
chiefly of a leukocytic infiltration around the bile ducts in the inter¬
lobular sheaths. The pathologic condition observed has been prac¬
tically identical with that already noted by us in human cases of rela¬
tively acute infection ; but the experiments were not continued long
enough to observe any pronounced evidence of cirrhosis such as was

seen in some of the chronic cases in human beings. The hepatitis in
association with streptococcal cholecystitis was more severe than that
which occurred in infections with B. coli. The fact that these changes
are known not to have been present before the creation of the chole¬
cystitis and that they have consistently followed it in each case makes
apparent the probability that all cases of cholecystitis are accompanied
by a hepatitis. This deduction agrees with the conclusion reached in
a previous article by one of us (Graham) in which a report was made
of a study of the liver based on an examination of small pieces of it
removed at operations on the biliary tract. In our experiments recorded
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here the cystic duct was ligated, and at the same time the large lym¬
phatic trunks passing along that duct were obstructed by the
ligature. The only paths, therefore, by which the infection could
have spread to the liver were either the lymphatics or veins
from the gallbladder which pass through the normal attachment
of that organ to the under surface of the liver, or by way of a

general blood stream infection back to the liver. Since in six of the

Fig. 5 (Dog 10).—Liver: moderate leukocytic infiltration of periportal space

cases, cultures from the heart's blood were sterile, it seems more

probable that the infection spread directly to the under surface
of the liver. The lymphatic connection here is well shown in Figure
1, taken from Sudler's article, and it would be easy to conceive of th:·
extension of the infection into the liver by way of these lymphatics.
Additional support to this view is found in the fact that the leukocytic
infiltration is consistently more pronounced in portions of the liver
near the site of the gallbladder than at more remote parts. This is
seen, for example, in Figures 9 and 10. Since, on the other hand, the
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veins in the attachment of the gallbladder to the liver drain into the
portal vein (Sudler), one would expect that infection transported in
this way would be nearly equally distributed throughout the liver.
Moreover, the location of the inflammatory changes chiefly in the inter¬
lobular areas harmonizes with known facts about the location of the
lymph vessels of the liver.13 It would seem evident, therefore, that
the abundant lymphatic connections between the liver and gallbladder
already mentioned render the possibility of the frequent occurrence
of a vicious circle between an inflamed gallbladder and an inflamed
liver \'ery great. In such circumstances, surgical intervention to break
up the circle can be brought to bear only on the gallbladder ; and, in
fact, because of the well known ability of the liver to destroy bacteria,
probably all that is necessary in most instances, is to remove the source
of the infection, the gallbladder. In many respects, as, for example,
in its shape and structure, the gallbladder resembles the appendix. Like
the appendix, also, infections of its walls tend to become chronic, pos¬
sibly because of its relatively slight vascularity and the ease with which
its blood supply can be seriously impaired. Simple drainage of the gall¬
bladder, therefore, cannot be expected to yield the same high percentages
of permanent relief that its removal will accomplish, from the same

standpoint that one would not expect to accomplish such good results
with appendicostomy as with appendectomy. In this clinic, cholecys¬
tectomy is considered the operation of choice.14

SUMMARY

After the experimental production of cholecystitis in dogs, inflam¬
matory changes have been constantly found in the liver. These changes
have been of the same type as those previously described by one of
us (Graham) as occurring constantly in the human liver in association
with biliary tract infections, namely, a pericholangitis with marked
leukocytic infiltration of the interlobular sheaths. The same organism
can be isolated from both the liver and gallbladder.

Evidence is submitted that, owing to the free lymphatic communica¬
tion between the liver and gallbladder, infection may pass easily from
one organ to the other and a vicious circle be produced in this way.

Infections of the gallbladder apparently by way of the lymphatics
from the liver are easily produced experimentally. In any considera-

13. Mall, F. P.: On the Origin of the Lymphatics in the Liver, Bull. Johns
Hopkins Hosp. 12:146. 1901.

14. The question of the r\l=o^\le of drainage in assisting the liver to overcome

its infection will be taken up in another article to be published soon.
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tion of the pathogenesis of cholecystitis in the human, this lymphatic
route must be regarded as important and probably frequent, although
apparently it has heretofore received no attention.

The probability of a frequent occurrence of a vicious circle between
an inflamed gallbladder and an inflamed liver would seem to afford
a strong argument in favor of cholecystectomy as an operation of
choice in cases of cholecystitis.

PROTOCOLS

Doc 1.—This experiment is the only one of the series in which the cystic
duct was not ligated and in which a cholecystitis was produced without liga¬
tion of the duct. In several preliminary experiments it was found impossible
to produce cholecystitis merely by the injection of bacteria into the lumen of
the gallbladder if the cystic duct was not ligated. Two· c.c. of B. coli culture
was injected into the lumen and wall of the gallbladder. The dog did well
except for slight elevation of temperature and poor appetite until the seven¬

teenth day. It died on the twentieth day.

TABLE 2.—Condensation of Protocols

ß. coli
 . coli

 . coli

 . coli
 . coli
 . coli

li. coli

 . coli
 . coli
 . coli

 . coli

 . coli

 . coli

 . coli
Strep.
Strep.
Strep.
Strep.
Strep.

2.0

2.5

1.0

2.0
1.5
1.0

1.0

0.5
1.0
1.0

1.0

1.0

0.T5

0.1
0.5
0.5

0.3
0.3
0.3

20

4

8

13
10

41 K.

2
21 K.

20 hr.
20 K.

?

2
2
6

^
-i_

»!

I)
D*
D*

D*

D

D*

D
D
D

I)
D
D

<-
-- c c
 o o

Sic  
 ;

Neg.
Neg.
Keg.

o»

Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Neg.
Nog.
Neg.

Gross Changes

Gallbladder

Acute in¬
flammation
Acute in¬

flammation
Acute in¬

flammation
Empyema
No change
Complete
atrophy-

Normal size
and color

No change
No change
Acute in¬

flammation
Thickened

walls
Gangrenous
Thick walls

Gangrenous
Thick wall

Gangrenous
Gangrenous
Gangrenous
Gangrenous

Liver

None

Edema; con¬
gestion

Edema; fri¬
able

Edema
None
Enlarged,

edematous
Enlarged,
edematous

Edema
No change
Enlarged
No change
Enlarged,

edematous
Slightly en¬
larged

Edematous
Enlarged
Slightly
edematous

Enlarged
Enlarged
Enlarged

+ D indicates downward trend; D* indicates downward trend with recovery later.

Necropsy. — This revealed a superficial wound infection and a localized
peritonitis with adhesions in the gallbladder region. The gallbladder contained
brownish-green mucoid material ; it was not distended and the walls were

slightly thickened. The liver was not enlarged.
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Microscopie Examination.
—

The gallbladder showed destruction of the
mucosa, thickening of the wall, increase of fibrous tissue, moderate infiltration
with leukocytes, mononuclears predominating. The liver near the gallbladder
showed moderate infiltration of leukocytes, chiefly mononuclears, around the
bile ducts in the interlobular tissue. There were fatty infiltration and con¬

gestion of the parenchyma. At some distance from the gallbladder, the picture
was the same but less extensive. Cultures of gallbladder contents and liver
showed B. coli. The heart blood was sterile.

Dog 2.—The operation was performed as described previously. Two and
one-half c.c. of B. coli culture was used. Symptoms of peritonitis appeared on

the third day. The dog died on the fourth day.

Fig. 6 (Dog 10).—Liver: rather numerous polymorphonuclear leukocytes and
round cells under higher magnification.

Necropsy.
—

This revealed general peritonitis due to leakage through a

needle hole in the gallbladder. The gallbladder was dark colored and friable.
The liver was enlarged and edematous.

Microscopi Examination.—The gallbladder showed acute inflammation and
gangrene. The liver (Fig. 2) showed moderate infiltration of the periportal
spaces with polymorphonuclear leukocytes, and marked cloudy swelling of the
parenchyma. Changes were most marked near the gallbladder. Cultures from
the liver and gallbladder showed B. coli; smears from the peritoneum showed
a gram-negative bacillus.
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Dog 3.—Operation was performed as described. One c.c. of B. coli culture
was used. The temperature rose to 104 F. on the fifth day and fell to 101 on

the eighth day. The dog died on the ninth day. There was a loss of 2,200 gm.
in weight.

Necropsy.
—

There was no general peritonitis. The liver was enlarged,
edematous and bluish. The gallbladder showed no leakage of contents; the
color was somewhat darker than normal ; the contents were a yellowish, turbid
mucus. There was bronchopneumonia.

Microscopic Examination.—The gallbladder showed acute inflammation with
areas of necrosis ; the mucosa was destroyed. There was moderate infiltra-

Fig. 7 (Dog 13).—Liver: infiltration of interlobular tissue with leukocytes.

tion of the interlobular tissue of the liver with polymorphonuclear cells, con¬

gestion and cloudy swelling. Sections of the liver before cholecystitis showed
no leukocytic infiltration. Cultures of the liver and gallbladder contents
showed B. coli.

Dog 4.—The usual operation was performed. Two c.c. of B. coli culture
was used. The temperature rose to 103.6 F. on the fourth day, it was normal
on the tenth day, with general improvement. The condition was worse on the
twelfth day. The dog died on the fifteenth day. The loss in weight was

1,840 gm.
Necropsy.—There were general peritonitis and an extrahepatic abscess in

the gallbladder region. The gallbladder was slightly distended and filled with
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thick green pus, which escaped through the needle hole. The liver was mark¬
edly enlarged and edematous.

Microscopic Examination.—There was acute inflammation of the gallbladder
with necrosis. The liver showed marked cloudy swelling with fatty infiltra¬
tion ; there was infiltration of the periportal spaces with polymorphonuclear
leukocytes and edema. Liver section before cholecystitis demonstrated that it
was normal. Cultures of liver and gallbladder contents showed B. colt.

Dog S.
—

The usual operation was performed. One and one-half c.c. of
B. coli culture was used. Death occurred on the tenth day.

Fig. 8 (Dog 15).—Liver: marked pericholangitis under high magnification.

Necropsy.—There was no general peritonitis. The liver was slightly enlarged.
The gallbladder was dark in color.

Microscopic Examination.—There was some thickening of the gallbladder
walls, degeneration of the submucous layers in places, infiltration with mono¬

nuclears and polymorphonuclear cells. All sections of the liver showed slight
periportal infiltration with mononuclear and polymorphonuclear cells, conges¬
tion and cloudy swelling. There was bronchopneumoma. Liver section was

normal before injection. Cultures from the liver and gallbladder showed
B. coli.

Dog 6.—The usual operation was performed. One c.c. of B. coli culture
was used. The temperature rose to 104 F. on the fourth day and fell to 102
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on the sixth day ; the condition improved, but the appetite was poor. There
was progressive loss of weight (2,500 gm.). The dog was killed on the forty-
first day and necropsy was performed at once.

Necropsy.—The liver was enlarged to almost twice its size. There was no

general peritonitis. The gallbladder was destroyed, the stump of the cystic
duct alone remaining. There was a localized abscess at the site of the gall¬
bladder. Smears showed gram-negative bacillus. The urinary bladder was

distended with thick, strongly ammoniacal urine. The spleen was enlarged.
Microscopic Examination.—There was marked infiltration of the periportal

spaces with polymorphonuclear and mononuclear cells, with cloudy swelling and

Fig. 9 (Dog 19).—Marked leukocytic infiltration of interlobular tissue near

the site of the gallbladder. Compare with Figure 10.

necrosis in sections near the gallbladder site. Sections further removed showed
a similar, but a much less extensive, picture. There was congestion throughout.
Other organs showed cloudy swelling. Cultures of liver and heart blood
showed B. coli.

Dog 7.—The usual operation was performed. One c.c. of B. coli culture
was used. On the third day the animal had chills, a temperature of 104.5 F.,
anorexia, and it died on the sixth day.

Necropsy.
—

There was general peritonitis. The liver was enlarged and
edematous. The gallbladder was not distended ; all sutures and ligatures were

functioning well.
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Microscopie Examination.—There was acute inflammation of the gallbladder;
the wall was gangrenous. The liver showed infiltration of interlobular tissues
with polymorphonuclear cells throughout ; there were miliary abscesses. The
liver was normal before the production of cholecystitis. Cultures of the liver
and gallbladder showed B. coli. The heart blood was sterile.

Dog 8.—The usual operation was performed. One-half c.c. of B. coli cul¬
ture was used. Death occurred on second day.

Necropsy.—There was no general peritonitis. The liver was enlarged and
edematous. The gallbladder was not distended. The ligatures and sutures
were holding.

Fig. 10 (Dog 19).—Same liver as in Figure 9, showing moderate leukocytic
infiltration in a portion of liver from the left lobe.

Microscopie Examination.—There was marked acute inflammation of the
gallbladder. The liver showed infiltration of the periportal spaces with poly¬
morphonuclear cells throughout ; there were miliary abscesses. A section of
the liver before injection was normal. Cultures of the liver and gallbladder
showed B. coli. The heart blood was sterile.

Dog 9.—The usual operation was performed. One c.c. of B. coli culture
was used. The temperature was 103.2 F. on the fourth day; 102.6 on the
seventh day; 104.2 on the ninth day; 104.4 on the twenty-second day. There
was a loss of weight of 300 gm. The dog was killed on the twenty-second day.

Downloaded From: http://archsurg.jamanetwork.com/ by a University of British Columbia Library User  on 06/19/2015



Necropsy.—There was no general peritonitis. The liver was slightly enlarged.
The gallbladder was somewhat distended and filled with dark brown mucus.

Microscopic Examination.—The gallbladder (Fig. 4) showed the mucosa well
preserved ; the submucosa and muscularis and serosa, edematous and congested,
and a small amount of mononuclear and polymorphonuclear infiltration. The
liver (Fig. 3) showed infiltration of the periportal spaces with mononuclear
and polymorphonuclear cells and cloudy swelling. The liver was normal before
injection. Cultures of the gallbladder and liver showed B. coli. The heart
blood was sterile.

TABLE 3.—Bacteriologic and Histologic Findings

Organism Recovered Microscopic Changes
Dog

9

10*

11*

12

IS*

14

15

Iti

17

18

ID

Gall-
blad¬
der

Liver

+

+

+

+

+

+

Heart
Blood

+

-t-

Peri-
to-

neum
Gallbladder

+

0

0

0

0

+

0

0

+

+

Acute inflammation; mucosa
necrotic

Acute inflammation; mucosa
necrotic

Acute inflammation; mucosa
necrotic

Acute inflammation, marked

Acute inflammation; mucosa
destroyed

Completely atrophied.
Acute inflammation; mucosa

gangrenous

Acute inflammation; mucosa
gangrenous

Acute inflammation, slight...
Acute inflammation..

Acute inflammation..

Acute inflammation: marked
gangrene

Acute inflammation, marked

Acute inflammation, gan¬
grenous

Acute inflammation.

Acute inflammation, gan¬
grenous

Acute inflammation, gan-
grenous

Acute inflammation, gan¬
grenous

Acute inflammation, gan¬
grenous

Periportal infiltration; vacu-
olization

Periportal infiltration moder¬
ate; cloudy swelling

Periportal infiltration moder¬
ate; degeneration

Periportal infiltration moder¬
ate; parenchymatous degen¬
eration

Periportal infiltration moder¬
ate; parenchymatous degen¬
eration

Periportal infiltration round
cells

Periportal infiltration; paren¬
chymatous degeneration;
congestion

Periportal infiltration: scat¬
tered abscesses

Periportal infiltration; many
polymorphonuclears

Periportal infiltration; fatty
degeneration

Periportal infiltration; focal
necrosis

Periportal infiltration; paren¬
chymatous degeneration

Periportal infiltration; p;inu
chymatous degeneration

Periportal infiltration moder¬
ate; parenchymatous degen¬
eration

Periportal infiltration; many
polymorphonuclears

Periportal infiltration; many
polymorphonuclears

Periportal infiltration; many
polymorphonuclears

Periportal infiltration; many
polymorphonuclears

Periportal infiltration; paren¬
chymatous degeneration

* Compare with Table 1.

Dog 10.—The usual operation was performed. One c.c. of B. coli culture
was used. There was an uneventful recovery. The temperature was 103.2 F.
on the third day ; 104 on the fifth day and normal on the sixteenth day. On
the twenty-ninth day a second operation was attempted. At this time the
original incision was well healed ; there were many adhesions around the gall¬
bladder ; the liver was slightly enlarged ; the gallbladder was practically empty
and small and the walls were thickened and white. The ligatures were holding.
A section from the liver is shown in Figure 5. Blood was taken for agglu¬
tination tests (Table 3). The animal died the following day.
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Necropsy.
—

This revealed bronchopneumonia. The condition of the liver
was practically the same as at the second operation. There was no general
peritonitis.

Microscopic Examination.
—

There was subacute inflammation of the gall¬
bladder. The reaction was chiefly polymorphonuclear ; the wall was fibrous.
All sections of the liver showed inflammation of the periportal sheaths similar
to those shown in Figure 5. The heart blood was sterile.

Dog 11.—The usual operation was performed. One c.c. of B. coli culture
was used. The recovery was uneventful. The temperature was 102.4 F. on

the fourth day and normal on the ninth day. The second operation was per-

Fig. 11.—Normal dog's liver for comparison.

formed on the ninth day. The wound was healed ; the liver was slightly
enlarged. Cultures were taken from the right and left lobes, also sections.
The gallbladder was not distended ; was grayish-blue ; the walls were thickened
and removed ; and it contained dark brown mucus. Blood was taken for agglu¬
tination tests (Table 3). The dog died later and the lungs showed broncho¬
pneumonia. The condition of the liver was approximately the same as at
the second operation.

Microscopic Examination.—The gallbladder had intact mucosa; it was

slightly edematous ; the walls were thickened and showed acute inflammation.
Sections removed at the second operation showed edema of the interlobular
connective tissue with possible increase seen in sections nearest the gallbladder.

Downloaded From: http://archsurg.jamanetwork.com/ by a University of British Columbia Library User  on 06/19/2015



central necrosis, cloudy swelling, marked infiltration of the periportal spaces
with polymorphonuclear leukocytes throughout. Sections from other portions
removed at necropsy showed a similar picture. The heart blood was sterile.

Doc 12.—Routine operation was performed. One c.c. of B. coli culture was

used. The dog was very sick and died in three days.
Necropsy.—There was considerable free bloody fluid in the peritoneum and

there was general peritonitis. The gallbladder was gangrenous, walled in
between lobes of liver and contained thick, yellow pus. The liver was enlarged,
slightly edematous and bluish in color. Cultures were taken from the extreme
right and left portions. The lungs were clear. Death was due to acute perito¬
nitis. Cultures from the gallbladder showed B. coli, staphylococcus and mixed
culture ; from the liver (right and left lobes) B. coli, and a large gram-positive
bacillus.

Microscopic Examination.—The liver (before injection) showed no patho¬
logic changes. After necropsy, Section A (at a distance from the gallbladder)
showed moderate polymorphonuclear infiltration about the portal veins in places,
and a few scattered polymorphonuclears around the bile capillaries ; Section  
(near the gallbladder) showed congestion with necrosis at the periphery of the
lobules. Moderate polymorphonuclear infiltration was present in the periportal
spaces. In the connective tissue of the stroma and scattered throughout the
parenchyma were rod-shaped bodies having the appearance of bacilli. The gall¬
bladder mucosa was almost destroyed. The muscular and serous coats were

thickened, edematous, infiltrated with polymorphonuclears and plasma cells.
There was an exúdate of fibrin and polymorphonuclears outside the serosa.

Dog 13.—Usual routine was followed and 0.75 c.c. B. coli culture were

injected. There was some leakage and soiling around the gallbladder. The
dog made an uneventful recovery. At the second operation the abdomen was

opened. The omentum was found wrapped around a mass at the gallbladder
site. The mass consisted of gallbladder walled in between lobes of liver and
the first and second part of the duodenum. There was no free fluid in the perito¬
neum and no other adhesions. The liver was slightly enlarged and normal in
color. There were numerous adhesions between the liver and abdominal wall,
and the liver and the diaphragm. The adhesions were broken. The gallbladder
was bluish-white ; the walls were thickened and friable. A hole was torn in
the gallbladder on manipulation and thick, greenish, gelatinous material oozed
out. The hole was closed with purse-string sutures. Stab-cultures and sections
were taken from the liver. One c.c. of twenty-four-hour B. coli broth culture
was injected into the repaired gallbladder. The intestine was opened to obtain
the culture. It was closed with purse-string sutures, The abdomen was closed.
There were many bleeding points in the separated adhesions. The dog died on

the following day.
Necropsy.—There were many freshly formed adhesions in the abdominal

viscera ; the liver was normal. There was bronchopneumonia. A section of the
liver was taken. Death was due to bronchopneumonia. Cultures from the gall¬
bladder showed B. coli; from the liver (left lobe) B. coli; from the liver (right
lobe) B. coli; from the intestine (a) B. colt, and mixed culture ; from intestine
(b) B. coli, and mixed culture (Table 3).

Microscopic Examination.—The liver (before injection) showed no patho¬
logic changes. After necropsy there was marked infiltration of the periportal
spaces with round cells, plasma cells and polymorphonuclears (Figs. 7 and 8).
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The gallbladder showed extremely acute inflammation, marked leukocytic infil¬
tration and hemorrhage.

Dog 14.—The routine operation was performed and 1 c.c. B. coli culture was

injected. The dog died twenty hours after operation.
Necropsy.—There was a large amount of free bloody fluid, slightly bile-

tinged, in the abdomen. There was diffuse hemorrhagic peritonitis. The liver
was dark and slightly edematous. The gallbladder was walled in between lobes
of the liver; the distal end of the cystic duct was free; the ligature was off,
and there was slight oozing of bile from the duct.

Fig. 12.—Normal dog's liver for comparison.

Microscopie Examination.—The liver showed marked loss of architecture; the
cells were swollen and edematous. The picture was that of reaction to perito¬
nitis with slight periportal infiltration, beginning stage. The gallbladder mucosa

was degenerated and sloughing ; there was acute inflammation ; the muscular
and serous coats were thickened, edematous and infiltrated with polymorpho¬
nuclears.

SERIES II. NONHEMOLYTIC STREPTOCOCCUS

Dog 15.—The usual routine operation was performed and 0.5 c.c. nonhemo-
lytic streptococcus was injected. The cystic duct and vessels were ligated with
two ligatures and cut between. The dog had a stormy course. It was killed
twenty days after operation.
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Necropsy.—The sinus at the upper pole of the wound was discharging pus.
There was no free fluid in the peritoneum. The gallbladder was walled in
between the lobes of the liver and omentum; the first part of the duodenum
was bound in a mass of adhesions. The gallbladder was white, contained clear,
thick, yellowish mucus with a small amount of purulent exúdate at the base.
The liver was enlarged and normal in color. There were several abscesses
about the gallbladder site. The lungs showed multiple abscesses. A culture
from the liver showed streptococcus (nonhemolytic) both from the abscess
as well as from the interior of the right lobe at a distance from the abscess.
The gallbladder showed streptococcus (nonhemolytic).

Microscopic Examination.—The liver (before injection) showed no changes.
Sections of the liver after injection showed periportal infiltration with general
parenchymatous degeneration (Figs. 7 and 8). The gallbladder showed acute
inflammation. There was bronchopneumonia.

Dog 16.—The usual routine operation was performed ; 0.5 c.c. nonhemolytic
streptococcus was injected. The duct was ligated with two ligatures and cut
between. The dog died two days after the operation.

Necropsy.—The abdomen was full of free bloody fluid ; there was general
peritonitis. The liver was dark red, friable and slightly edematous. The gall¬
bladder was black and distended and full of black fluid. The peritoneum was

dull red throughout. Culture was made of the heart's blood, which was nega¬
tive. The gallbladder showed nonhemolytic streptococcus ; the liver, nonhemo¬
lytic streptococcus. A smear from the peritoneal fluid showed gram-negative
and gram-positive rods ; no streptococci.

Microscopic Findings.—The liver (before injection) showed no change.
Sections (at necropsy) next the gallbladder, showed on one side a layer of
inflammatory exúdate with polymorphonuclears, plasma cells and fibrin. The
inflammation extended into the liver substance, the bile spaces and the peri¬
portal areas being infiltrated with polymorphonuclears. The reaction became
less severe farther away from the site. Sections at various points in the liver
showed cloudy swelling, congestion and varying degrees of polymorphonuclear
infiltration. The gallbladder showed edema and necrosis of the mucosa.

Dog 17.—The usual routine operation was performed and 0.3 c.c. of non¬

hemolytic streptococcus culture was injected. The duct was ligated twice and
cut between the ligatures. The dog died in two days.

Necropsy.—The abdomen contained a large amount of free bloody fluid. The
liver was enlarged and dark. The gallbladder was walled in between lobes of
the liver and plastered down with omentum. It was distended, large, brown,
gangrenous and filled with dark brown mucus. The heart was dilated. Culture
was made of the heart's blood. Cultures of the liver before production of chole¬
cystitis were sterile. At necropsy the peritoneal fluid showed streptococcus ; the
gallbladder, streptococcus ; the liver, streptococcus, and the heart's blood,
streptococcus.

Microscopic Findings.—The liver before injection showed no changes. Sec¬
tions (at necropsy) showed cloudy swelling, congestion, slight infiltration of
polymorphonuclears into the periportal spaces. Sections from the fundus and
neck of the gallbladder showed complete necrosis.

Dog 18.—The routine operation was performed ; 0.3 c.c. of nonhemolytic
streptococcus was injected. There was a double ligature, cut between. The
dog died two days after operation.
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Necropsy.—This revealed a small amount of free bloody fluid in the perito¬
neal cavity. There was general, diffuse, acute peritonitis. The gallbladder
was surrounded by lobes of the liver ; it was small, dark, gangrenous and con¬

tained thick, black material. The liver was enlarged and dark red, especially
around the gallbladder. Cultures at necropsy from the peritoneum showed
streptococcus ; from the liver, streptococcus ; from the gallbladder, strepto¬
coccus, and from the heart's blood, streptococcus.

Microscopic Findings.—The liver, before injection, showed no change. Sec¬
tions (at necropsy), showed cloudy swelling throughout with areas of central
necrosis. There was a collection of round cells and polymorphonuclears in the
periportal areas. The gallbladder mucosa was necrotic and it was infiltrated
with polymorphonuclears.

Dog 19.—The usual routine was performed; 0.3 c.c. of nonhemolytic strep¬
tococcus culture was injected. Double ligatures were made and cut between
the ligatures. The dog died six days after operation.

Necropsy.—The abdomen contained a large amount of free bloody fluid ;
there was diffuse peritonitis. The first portion of the duodenum was wrapped
in a mass of omentum which bound the lobes of the liver around the gallbladder.
The liver was enlarged with areas of superficial necrosis. The gallbladder was

gangrenous and contained thick dark green fluid.
Microscopic Examination.—The fiver, before injection into the gallbladder,

showed no change. Sections (at necropsy) showed loss of architecture, paren¬
chymatous degeneration, periportal infiltration of polymorphonuclears. The
gallbladder showed almost complete necrosis (Figs. 9 and 10).
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